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Involvement  of  Prostaglandins  and  Histamine  in  Radiation-Induced 

Temperature  Responses  in  Rats 
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Kandasamy,  S.  B.,  and  Hunt,  W.  A.  Involvement  of  Pros¬ 
taglandins  and  Histamine  in  Radiation-Induced  Temperature 
Responses  in  Rats.  Radiat.  Res.  121,  84-90(1990). 

Exposure  of  rats  to  1-1 5  Gy  of  y  radiation  induced  hyperther¬ 
mia.  whereas  exposure  to  20-150  Gy  produced  hypothermia. 
Since  radiation  exposure  induced  the  release  of  prostaglandins 
(PGs)  and  histamine,  the  role  of  PGs  and  histamine  in  radiation- 
induced  temperature  changes  was  examined.  Radiation-induced 
hyper-  and  hypothermia  were  antagonized  by  pretreatment  with 
indomethacin,  a  cyclooxygenase  inhibitor.  Intracerebroventric- 
ular  administration  of  PGE2  and  PGD2  induced  hyper-  and  hy¬ 
pothermia,  respectively.  Administration  ofSC-19220,  a  specific 
PGE2  antagonist,  attenuated  PGE2-  and  radiation-induced  hy¬ 
perthermia.  but  it  did  not  antagonize  PGD2-  or  radiation-in¬ 
duced  hypothermia.  Consistent  with  an  apparent  role  of  hista¬ 
mine  in  hypothermia,  administration  of  disodium  cromoglycate 
(a  mast  cell  stabilizer),  mepyramine  (HI -receptor  antagonist), 
or  cimetidine  (H2-receptor  antagonist)  attenuated  PGD2-  and 
radiation-induced  hypothermia.  These  results  suggest  that  radi¬ 
ation-induced  hyperthermia  is  mediated  via  PGE2  and  that  radi¬ 
ation-induced  hypothermia  is  mediated  by  another  PG,  possibly 

PGD2,  via  histamine.  c  I990  Academic  Press.  Inc. 


INTRODUCTION 

Exposure  to  ionizing  radiation  has  been  reported  to  in¬ 
duce  hyperthermia  in  cats,  rabbits,  and  humans  (/.  2). 
hypothermia  in  guinea  pigs  ( J).  a  biphasic  response  in  mon¬ 
keys  (a  fall  followed  by  a  rise)  (4).  and  a  dual  effect  in  rats 
(low  and  high  doses  produced  hyper-  and  hypothermia,  re¬ 
spectively)  (5).  When  rats  were  exposed  to  low  doses  of  radi¬ 
ation  either  to  the  head  or  to  the  whole  body,  hyperthermia 
was  observed,  while  body-only  exposure  induced  no  sig¬ 
nificant  effect  (5).  This  suggests  that  radiation-induced 
hyperthermia  is  a  result  of  a  direct  action  on  the  brain.  Ra¬ 
diation-induced  hyperthermia  can  also  be  attenuated  by 
pre-  or  post-treatment  with  indomethacin,  a  cyclooxygen¬ 
ase  inhibitor  (5).  Hyperthermia  can  also  be  reduced  by  the 
central  administration  of  naloxone,  a  M-receptor  antagonist, 
but  only  after  low  doses  of  radiation  (5).  Taken  together, 
these  findings  suggest  that  radiation-induced  hyperthermia 
is  mediated  through  the  synthesis  and  release  of  prostaglan¬ 


dins  (PGs)  in  the  brain  and  to  a  lesser  extent  through  the 
release  of  endogenous  opioid  peptides. 

Radiation  induces  dramatic  increases  in  the  levels  of 
prostaglandins  in  a  variety  of  tissues  (6-10)  including  brain 
(11).  The  E  series  of  PGs  have  been  identified  in  the  brain 
as  well  as  in  the  cerebrospinal  fluid  and  have  been  suggested 
as  a  mediator  of  hyperthermia  by  Milton  and  co-workers 
(12-15).  although  Cranston  el  al.  reported  results  contra¬ 
dicting  this  hypothesis  (16).  Several  recent  studies  suggest 
that  rodent  brain  contains  predominantly  PGD2  (17-22). 
Mast  cells  release  histamine  and  also  synthesize  and  subse¬ 
quently  release  PGD2  as  a  major  cyclooxygenase  metabo¬ 
lite  of  arachidonic  acid  after  activation  by  various  stimuli 
(23).  Histamine  and  PGD2  induce  hypothermia  and  have 
been  implicated  in  thermoregulation  (24-27).  In  chickens, 
rabbits,  and  rats,  central  administration  of  histamine  has  a 
dual  effect.  After  low  doses  hypothermia  is  observed.  How¬ 
ever,  after  high  doses  of  histamine,  hyperthermia  is  induced 
(28-30).  In  sheep,  systemic  injection  of  histamine  also  in¬ 
duced  hyperthermia  but  only  at  warm  ambient  tempera¬ 
tures  (31).  Since  exposure  of  rats  to  radiation-induced  hy¬ 
per-  or  hypothermia,  depending  on  the  dose,  and  the  release 
of  PGs  and  histamine  (5),  the  role  of  PGs  and  histamine 
in  radiation-induced  temperature  changes  was  investigated 
using  inhibitors/antagonists  of  PGs  and  histamine.  Also,  it 
was  determined  whether  or  not  high  doses  of  radiation  act 
on  the  brain  or  on  peripheral  sites. 

METHODS 

Drays.  The  drugs  used  were  PGE2.  PGD2.  and  indomethacin  (Sigma 
Chemical  Co..  St.  Louis.  MO);  mepyramine  maleate  (Mallinckrodt 
Inc.,  St.  Louis.  MO):  cimetidine  (Smith  Kline  and  French  Laboratory. 
Philadelphia.  PA):  disodium  cromoglycate  (Fisons  Corporation.  Bedford. 
MA):  I  -acetyl-2(8-chloro- 10. 1 1  -dihydro-benz-[b.f]-[  1 ,4]-oxazepine- 10- 
carbonvljhydrazine  (SC- 1 9220)  (G.  D.  Searle  Laboratory.  Chicago.  IL); 
ketamine  hydrochloride  (Parke-Davis.  Detroit.  Ml);  xylazine  (Haver 
Lockhart,  Shawnee.  KS):  and  acepromazine  (Ayers!  Laboratories.  NY'. 
Mepyramine  and  disodium  cromoglycate  were  dissolved  in  sterile,  nonpv- 
rogenic  saline.  Cimetidine  was  dissolved  in  0. 1  ml  of  I  A'  HCI  and  diluted 
to  the  final  volume  with  saline.  PGE2  and  PGD2  were  stored  at  -20”C  and 
were  dissolved  in  sterile  saline  before  the  injection.  SC- 19220  was  dissolved 
in  a  mixture  of 40*?  DMSOand  saline. 

Animals  Male  Sprague-Dawley  Cr\:CD(SD)BRD  rats  (Charles  River 
Breeding  Laboratories.  Kingston.  NY)  weighing  200-300  g  were  used  in 
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TABLE  1 

Changes  in  Rectal  Temperature  of  Rats  15  Min  after  Exposure 
to  Variable  Doses  of  Ionizing  Radiation 


Mean  A  temperature 

Dose  (GO  |T| 


Sham 

<0.1  v  (1.05(12) 

1 

±0.2  ±0.05(10) 

5 

±0.4  ±0.10(10) 

5 

-0.5  t  0.05(10)' 

10 

*0.4  *  0.05(10)" 

15 

*  0.9  ■*  0.10(10)" 

20 

0.4  ±  0.05(10) 

50 

0.8  ±0.05(10)" 

100 

0.9  ±  0.05  ( 10)' 

150 

1.2  *  0.10(10)" 

*  Significantly  different  from  sham  irradiation.  /'  <  0.05.  Values  repre¬ 
sent  the  mean  t  SC  Numbers  in  parentheses  are  the  number  of  animals 
in  each  group. 

these  experiments.  Rats  were  quarantined  on  arrival  and  screened  for  ex  i- 
denee  of  disease  by  serology  and  histopathology  before  being  released  from 
quarantine.  The  rats  were  housed  individually  in  polycarbonate  isolator 
cages  ( Tab  Products.  May  wood.  NJ )  on  autoclaved  hardwood  contact  bed¬ 
ding  ("Beta  Chip"  Northeastern  Products  Oorp..  Warrenshurg.  NY)  and 
were  provided  commercial  rodent  chow  ("Wayne  Rodent  Blok"  Conti¬ 
nental  Grain  Co..  Chicago.  II.)  and  acidified  water  (pH  2.5  using  HCI)  ad 
libitum.  Animal  holding  rooms  were  kept  at  21  a  1*0  with  50  ±  10'V  rela- 
tixe  humidity  on  a  1 2-h.  lighcdark  lighting  cycle  with  no  twilight. 

Radiation  exposure.  Rats  were  placed  in  clear  plastic  well-ventilated 
containers  for  approximately  5  min  before  irradiation  or  sham  exposure. 
The  animals  were  then  exposed  bilaterally  to  varying  doses  of  y  photons 
using  a  wlCo  source  at  a  rate  of  10  or  20  Gy/min.  Lead  bricks  were  used  to 
shield  the  head  (including  the  neck)  or  the  body  (thorax  to  pels  is).  Each 
animal  was  placed  in  a  plastic  restraining  lube  that  was  enclosed  in  a  cave 
made  of  lead  bricks  w  ith  a  minimum  thickness  of  10  cm.  The  bricks  were 
drilled  to  accept  the  part  of  the  tube  containing  either  the  head  or  the  body 
of  the  rat.  During  the  irradiation,  the  rats  were  observed  with  a  remote 
video  monitor  to  verify  that  the  animals  did  not  shift  position  within  the 
tube.  Dosimetry  was  performed  using  an  exposure-monitoring  50-cc  ion 
chamber.  Delivered  dose  was  expressed  as  a  ratio  of  the  dose  measured  in 
a  tissue-equivalent  plastic  phantom  enclosed  in  a  restraining  tube  to  that 
measured  in  air. 

(  cut  rat  administration  o!  drill’s  Rats  were  anesthetized  with  I  ml/kg 
of  a  mixture  of  ketamine  (50  mg/kg),  xyla/inc  (5  mg/kg),  and  aceproma- 
zine  ( I  mg/kg)  given  intramuscularly  and  were  plaeed  in  a  rat  stereotaxic 
apparatus  (David  Kopf  Instruments.  No.  520).  A  single  cannula  was  in¬ 
serted  into  the  lateral  ventricle  according  to  coordinates  derived  from  the 
atlas  of  Pelligrino  ei  al  I.T2):  0.X  mm  posterior  to  bregma.  2.5  mm  lateral. 
I  he  cannula  was  lowered  until  cerebrospinal  fluid  rose  in  the  cannula. 
Dental  acrylic  was  used  to  secure  the  cannula.  After  the  end  of  an  experi¬ 
ment,  injection  sites  wcie  histologically  verified.  The  volume  of  injection 
xxas  always  10  u\  At  least  I  week  was  allowed  for  recovery  before  animals 
were  used  for  experiments.  Injections/irradiations  were  performed  at  the 
same  time  of  day  (0‘)00)  to  avoid  diurnal  variations  in  temperature,  t  he 
antagonists  (indomethacin.  SC- 1 9220.  disodium  cromoglycatc.  mepyra- 
mine.  and  cimetidine)  were  given  50  min  before  the  administration  of  the 
radiation/prostaglandins. 

Measurement  oj  hod y  temperature  All  experiments  were  performed  at 
an  environmental  temperature  of  22  *  l*C.  The  animals  were  placed  in 
cages  I  h  before  the  beginning  of  the  experiments  and  body  temperature 


was  measured  every  15  min  over  a  period  of  2  h  with  thermistor  probes 
inserted  approximately  6  cm  into  the  rectum  and  connected  to  a  datalogger 
t Minitrend  205).  After  each  experiment,  all  animals  were  euthanized  im¬ 
mediately  with  an  overdose  of  carbon  dioxide  via  inhalation. 

Statistics  Statistical  evaluations  were  undertaken  using  analysis  of 
variance  with  a  significance  level  of/’  <  0.05.  Intergroup  comparisons  were 
performed  using  T ukey's  test. 

RESULTS 

Exposure  of  rals  to  I  - 1 5  Gy  radiation  induced  hyperther¬ 
mia.  whereas  exposure  to  20-200  Gy  induced  hypothermia 
(Table  1).  The  onset  of  these  effects  was  rapid,  and  they 
reached  their  maximum  response  within  15  min.  On  the 
basis  of  these  results,  a  dose  of  10  Gy  of  radiation  was  used 
to  study  hyperthermia,  and  a  dose  of  50  Gy  was  chosen  to 
study  hypothermia. 

As  can  be  seen  in  Fig.  1.  hypothermia  induced  by  a  50- 
Gy  dose  of ->  radiation  occurred  only  after  whole-body  or 
head-only  exposure,  not  w  hen  the  head  was  shielded.  These 
results  are  similar  to  those  found  after  low  doses  of  radiation 
(5).  Since  whole-body  exposure  resulted  in  the  same  effect 
as  head-only  exposure,  subsequent  studies  used  only  whole- 
body  exposure  to  ionizing  radiation. 

Experiments  were  undertaken  to  determine  the  effect  of 
indomethacin.  an  inhibitor  of  prostaglandin  synthesis,  on 
radiation-induced  changes  in  body  temperature.  Pretreat¬ 
ment  with  1-5  mg/kg  of  indomethacin  given  intraperitone- 
ally  inhibited  both  the  hyper-  and  hypothermia  induced  by 
exposure  to  10  and  50  Gy  of  radiation,  respectively  (Fig. 
2).  Indomethacin  alone  had  no  effect  on  body  temperature. 


Time  (minutes) 

FIG.  I.  Effects  of  50  Gy  of  ionizing  radiation  on  body  temperature 
exposed  body-only  (■).  whole-body  (•).  or  head-only  (O).  Each  point  rep¬ 
resents  the  mean  +  SE  of  observation  of  six  animals.  Zero  on  the  ordinate 
represents  the  temperature  at  the  lime  of  irradiation. 
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I'  1(1.  2.  1  .tied  of  indomethaein  given  ip  Undo)  on  hvper-  and  hypothermia  induced  by  10  and  50  Civ  of  radiation,  respectively.  (A)  Nonirradiutcd 

controls  given  indomethaein.  I  C ").  5  or  5  mg/kg  (□).  or  vehicle  (•):  (B)  10  Civ  of  radiation  alone  (O)  or  in  the  presence  of  I  (A).  5  (□).  or  5  nig/kg 
i ■ )  indomethaein:  tO  50  Civ  of  radiation  alone  (O)  or  in  the  presence  of  I  (•)■  3  (A),  or  5  mg/kg  (□)  indomethaein.  haeh  point  represents  the  -  SI  of 
observations  on  live  animals.  Zero  on  the  ordinate  represents  the  temperature  at  the  time  of  second  injection. 


Similar  to  the  effects  of  low  and  high  doses  of  radiation. 
PGE2  (5-20  ng.  iev)  and  PGD2  (10-15  ng.  iev)  produced 
dose-dependent  hyper-  and  hypothermia  (data  not  shown). 
Pretreatment  with  indomethaein.  although  it  attenuated 
radiation-induced  temperature  responses,  had  no  signifi¬ 
cant  inhibitory  effect  on  those  of  PGE2  or  PGD2  (data  not 
shown). 

The  effect  of  SC- 19220.  a  PGE2  antagonist,  was  investi¬ 
gated  on  PGE2-.  PGD2-.  and  radiation-induced  tempera¬ 
ture  responses.  Selected  doses  of  SC-19220  (100-500  ng. 
iev ).  which  had  minimal  effects  on  temperature  in  control 
animals,  were  giv  en  prior  to  PGE2  or  PGD2  administration 
or  to  exposure  to  10  or  50  Gy  radiation.  The  SC- 19220  sig¬ 
nificantly  attenuated  PGE2-  (data  not  shown)  or  radiation- 
induced  hyperthermia  (Fig.  3)  but  had  no  effect  on  PGD2- 
(data  not  shown)  or  radiation-induced  hypothermia 
(Fig.  3). 

Since  histamine  stored  in  mast  cells  throughout  the  body 
(25.  .G)  is  released  by  exposure  to  radiation  (34 ).  its  possible 
role  in  thermoregulatory  effects  of  radiation  was  examined. 
Disodium  cromoglycate  is  know  n  to  be  a  potent  inhibitor  of 
the  immunological  release  of  chemical  mediators  secreted 
from  mast  cells  (25).  Disodium  cromoglycate  ( 100-500  ng. 
iev  (attenuated  PGD2-and  radiation-induced  hypothermia 
(Pig.  4). 

To  examine  the  role  of  histaminergic  H I  and  H2  recep¬ 
tors  in  PGD2-induced  hypothermia,  mepvramine  (100- 
300  ng.  iev).  an  El  1  antagonist,  or  cimetidine  ( 100-300  ng. 
iev).  an  H2  antagonist,  was  administered  before  irradiation. 
Previous  results  (?)  have  indicated  that  mepvramine  and 
cimetidine  are  specific  El  I  and  H 2  receptor  antagonists,  re¬ 
spectively.  Mepvramine  antagonized  hypothermia  induced 
by  2-methyl  histamine,  an  H I  agonist,  but  did  not  antago¬ 


nize  the  hypothermia  induced  by  4-methyl  histamine,  an 
H2  agonist.  Likewise,  cimetidine  significantly  attenuated 
the  hypothermia  induecd  by  4-methyl  histamine  but  not 
that  indueed  by  2-methyl  histamine.  Both  mepvramine  and 
cimetidine.  which  are  found  to  antagonize  hypothermia  in¬ 
duced  by  histamine  (5).  attenuated  PGD2-  and  radiation- 
induced  hypothermia  (Figs.  5  and  6). 

DISCUSSION 

As  reported  earlier,  ionizing  radiation  induced  either 
hyper-  or  hypothermia  in  rats  depending  upon  the  dose  (5). 
changes  that  appear  to  be  centrally  mediated.  There  are  nu¬ 
merous  reports  that  have  demonstrated  significant  increases 
in  PG  levels  in  a  variety  of  tissues  including  the  brain  after 
whole-body  irradiation  (6-11).  The  observations  that  PGs 
induce  changes  in  body  temperature  and  that  various  anti¬ 
inflammatory  drugs  block  the  synthesis  of  PGs  in  tissue  (24. 
36.  37)  have  implicated  PGs  in  thermoregulation.  Indo- 
methacin  attenuates  the  hyper-  or  hypothermia  caused  by 
low  and  high  doses  of  ionizing  radiation,  indicating  that  this 
effect  may  be  mediated  by  PGs.  However,  it  has  no  antago¬ 
nistic  effect  on  exogenous  administration  of  PGE2  and 
PGD2.  confirming  that  it  interferes  only  with  PG  synthesis. 
Of  the  various  PGs.  it  has  been  reported  that  only  the  E 
scries  arc  potent  as  pyretic  agents  and  that  PGD2  is  hypo¬ 
thermic  (24.  37).  The  present  results  support  these  findings. 
In  addition,  based  on  studies  usinga  variety  of  smooth  mus¬ 
cle  preparations  (TV.  39)  and  studies  of  PGE2-induced  fever 
(40.  41).  SC- 1 9220.  a  specific  PGE2  antagonist,  antago¬ 
nized  only  PGE2-  and  radiation-induced  hyperthermia  in¬ 
duced  by  low  doses  of  ionizing  radiation,  suggesting  that 
radiation-induced  hyperthermia  is  mediated  by  PGE2. 
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IK  i.  .A  I  tl'ect  of  St  -l')2'0.  ic\  .on  hyper-  ami  hypothermia  induced  by  ionizing  radiation.  (A)  III  Ci>  irradiation  alone  (•)  or  in  the  presence  of  100 
i  i.  .'00  i  or  500  ng  0  .)  SC-p)’20.  (IK  50  (i>  irradiation  alone  (•)  or  in  the  presence  of  100  l  ).  500  or  500  ng  (i.d  St-l'O20.  Each  point 
represents  the  mean  •  SI  of  ohsers  alions  on  live  animals.  Zero  on  the  ordinate  represents  the  temperature  at  the  time  of  second  injection. 


Histamine  has  been  implicated  in  the  actions  of  ionizing 
radiation  including  hypotension,  reduction  in  cerebral 
blood  flow,  and  performance  decrements  (42).  Further¬ 
more.  concentrations  of  histamine  in  circulating  blood  have 
been  reported  to  be  elevated  in  humans  undergoing  radia¬ 
tion  therapy  (43)  as  well  as  in  dogs  and  monkeys  (34.  44. 
43)  following  radiation  exposure.  Tissue  histamine  levels 
tire  decreased  in  rats  (40).  Exposure  to  ionizing  radiation 
resulted  in  hypothermia  which  appears  to  be  mediated  by 
the  central  release  of  histamine  since  the  hypothermia  oc¬ 
curred  onl>  after  whole-bods  or  head-only  exposure,  not 
when  the  head  was  shielded. 


Histamine  is  present  in  high  concentrations  in  the  hypo¬ 
thalamus  (4~.  4S)  and  is  localized  in  nerve  terminals  (49). 
suggesting  that  it  may  act  as  a  central  neurotransmitter. 
Also,  ascending  histamine  tracts  are  found  in  the  median 
forebrain  bundle  (50):  histidine  decarboxylase,  the  enzyme 
that  converts  histidine  to  histamine,  is  localized  in  different 
regions  of  the  brain  (51):  histamine  activates  adenylate  cy¬ 
clase  in  the  brain  (52):  and  brain  histamine  turnover  is  in¬ 
creased  by  stress  (53).  Administration  of  histidine  systemi- 
eally  or  histamine  centrally  evokes  hypothermia  caused  by 
both  HI  -  and  H2-reeeptor  activation  (54 1.  These  neuro¬ 
chemical  and  pharmacological  studies  suggest  that  hi.sta- 
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I  l(i.  4.  I  licit  of  disodium  cromoglycatc  (DSt'ti).  icv.  nn  Kil)2-  and  radiation-induced  hypothermia.  (A)  Nonirradiated  controls  given  1(H)  (O). 
'doi  M.  or  Slid  ng  C  l)l)S(  30  ng  of 'IX!I>2  alone  (•)  or  in  the  presence  of  i(H)(0).  300(A).  or  500  ng(tl)  t)SC(!:(C)  50  tty  irradiation  alone  (•) 

or  in  the  presence  of  100  ('  I.  300  (..).  or  500  ng(l  I)  l)S(  <  I  Each  point  represents  the  mean  *  SI  of  observations  of  live  animals.  Zero  on  the  ordinate 
represents  the  temperature  at  the  time  of  second  injection. 
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f'l<  ■-  5.  I  fleet  of  mcp>  ramine  <  .Mepv  rl.  icv.  on  hypothermia  induced  by  POD.  amt  ioni/mg  radial  ion.  I  A)  Nonirradiatcd  controls  given  KM)  (O)  or 
.'00  ng  l  I  mepv  rami  no:  ( Rl  30  ng  ot  P(  iD-  alone  (•)  or  in  the  presence  o!  100  (  )  or  300  ng  (LI)  mepv  ramine.  (O  50  Civ  irradiation  alone  (•)  or  in  the 
presence  ol  100  i.  .)  or  300  ng  (  )  mepv  ramine.  1  aeh  point  represents  the  mean  •  SI  of  observations  of  live  animals.  Zero  on  the  ordinate  represents 
the  temperature  at  the  time  of  second  injection. 


mine  mat  be  a  neurotransmitter  involved  in  many  physio¬ 
logical  functions  including  thermoregulation  and  could  un¬ 
derlie  radiation-induced  hypothermia. 

Histamine  is  stored  in  mast  cells  throughout  the  body 
(33).  including  the  brain,  where  they  are  particularly  nu¬ 
merous  in  the  hypothalamus  (55,  5b).  Arachidonic  acid  is 
converted  by  the  cyclooxygenase  pathway  primarily  to 
PCID2  in  mast  cells  in  humans  and  rats  </"-2J).  In  addi¬ 


tion.  mast  cells  release  PGD2  and  histamine  after  activation 
by  various  stimuli  (23.  57).  it  has  been  reported  that  PGD2 
potentiates  histamine-induced  bronchoconstriction  in  man 
(5<V)  and  plasma  extravasation  in  rat  skin  (59).  In  the  pres¬ 
ent  studies,  the  mast  cell  stabilizer  disodium  cromoglvcate 
attenuated  radiation-  and  PGD2-induced  hypothermia, 
suggesting  a  role  of  central  histamine  in  this  response.  The 
release  of  histamine  acting  on  both  HI  and  H2  receptors 


f  Hi.  6.  (  Heel  of  cimetidinc  (Cimet).  icv.  on  hypothermia  induced  by  P(il)2  and  mni/ing  radiation.  (A)  Nonirradialed  controls  given  100  (O)  or 

300  ng  (i  :i  cimetidinc:  (B|  .30  ng  of  PCif)2  alone  <•)  or  in  the  presence  of  100  (O)  or  300  ng  (f  J)  cimetidinc:  (O  50  Civ  irradiation  alone  (•)  or  in  the 
presence  of  100  ngl.'.lor  300  ng  (I  ll  cimetidinc.  liaeh  point  represents  the  mean  *  Sp  of  observ  ations  of  live  animals.  Zero  on  the  ordinate  represents 
the  temperature  at  the  time  of  second  iniection. 
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ma>  be  involved  in  radiation-induced  hypothermia,  since 
mepyramine.  an  HI -receptor  antagonist,  and  cimetidine, 
an  H 2-antagonist,  blocked  not  only  radiation-induced  hy¬ 
pothermia  but  also  PGD2-induced  hypothermia.  Previous 
results  have  indicated  that  serotonin  is  not  involved  in  radi¬ 
ation-induced  hypothermia  (5). 

In  summary,  these  results  suggest  that  radiation-induced 
hyperthermia  is  mediated  via  PGP2.  and  histamine  is  in¬ 
volved  in  radiation-induced  hypothermia.  The  attenuation 
of  PGD2-induced  hypothermia  by  disodium  cromoblycate 
and  antihistamines  suggests  that  PGD2  acts  %  ia  histaminer- 
gie  systems. 

Ri  <  i  iv  1 1):  May  .10.  I  W»:  «npni):  August  24.  1480 

rf.m:ri:n(  t:s 

/  I  S  Vi  nino-\.  Implications  of  bioamines  in  the  \-ray  temperature 
response  of  eats  and  rabbits.  Radial  Res  48,  A5X-A07  1 1471). 

A  1 1  I  vngi  R  and  C.  C.  List)  Baugh.  Radiation  death  from  cardiovas¬ 
cular  shock  following  a  criticality  accident. .  Ire/;.  Pathol  84,446-460 
I  1467). 

a  S.  B  k  andasaMV  and  W  .  Him.  Involvement  of  histamine  II I  and 
H 2  receptors  in  hypothermia  induced  by  ioni/ing  radiation  in  guinea 
pigs.  I  ile  Sn  42,555-56.1(1488). 

4  \V.  1  M<  l  \ K 1  \M)  and  J.  A  Wit  I  is.  Cerebral  Temperature 
( haunt ’v  in  the  Monkey  tmacaca  mulatuu  alter  2  Mil  I  rads  Ionizing 
Radiation.  Scientific  Report  SR4-7.  Armed  Forces  Radiohiology  Re¬ 
search  Institute.  Bethesda.  Maryland.  1474. 

5  S.  B  Kamivsvm'i  ,  W.  Him.  and  Ci.  A.  Micki  t  v.  Implication  of 
prostaglandins  and  histamine  HI  and  112  receptors  in  riuliution-in- 
duccd  temperature  responses  of  rats.  Radial  Res  1 14, 42-51  (1488). 

6  V  f  ini  \  and  14.  I  Wai  ki  k.  Idled  of  ioni/ing  radiation  on  prosta¬ 
glandin-like  activity  in  tissues.  Hr  ./  Pharmacol  57,  527-512  ( 1476). 
I)  P  (ilHSON.  R.  1..  Dl  gow  in.  and  S.  A.  Knapp,  I  fleet  of  x-irradia- 
tion  on  release  of  prostaglandin  I  from  marrow  stromal  cells  in  cul¬ 
ture.  Radial  Res  89.  517-545  ( 1482). 

.s  I  k  Sll.il  and  G.  N.  Cairavas.  Radiation-induced  changes  in 
production  of  prostaglandins  F2a.  F.  and  thromboxane  B2  in  guinea 
pig  parenchymal  lung  tissues.  Ini  ./  Radial  Riot.  42,  517-510 
(14821. 

v  I  k.Siui.l  k.  Swi  i  in  ir.  and  G  N.  (Airvvvs.  I  fleets  of  "To 
radiation  on  synthesis  of  prostaglandins  I- 2a.  I..  and  thromboxane  B2 
in  lung  airways  of  guinea  pigs.  Radial  Res  94,  156-165(1481). 

Ill  P  J  Trocha  and  G.  V  Cairavas.  Prostaglandin  levels  and  lyso¬ 
somal  en/yme  activities  in  irradiated  rats.  Ini  J  Radial  Hiol  38, 
50.1-515  11480). 

11  I  Pai  si  sr  (  .  R.  Oiirv  asii.  I  Iiodosh.  and  C.  Pai  n.  Effects 
of  “’Co  gamma-radiation  on  the  hepatic  and  cerebral  levels  of  some 
prostaglandins  Radial  Res  65,  161-171  (1476). 

12  W  Id  i  dhi  r< i.  k  P  Gi  pi  a.  A.  S.  Mil  ion.  and  S  Wi  ndi  andi. 

I  died  of  pyrogen  and  antipyretic  on  prostaglandin  activity  in  cister¬ 
nal  C.S. I  .  of  unanaestheti/ed  cats. ./  Physiol  234,  274-101  ( 1471). 

1.1  A  S.  Mil  ion.  S.  Smiui.  and  K.  B.  Tomkins.  Levels  of  prostaglandin 
I  and  I  in  cerebrospinal  lluid  of  cats  during  pyrogen-induced  lever. 
Hr  J  Pharmacol  59.447-448(1477). 

I -I  W  k  Plllil  ip-Dokmsion  and  R.  Sn  Gl  R  i  .  Prostaglandins  of  the 
I  and  I  series  in  rabbit  cerebrospinal  lluid  during  lever  induced  by 
Newcastle  disease  virus.  E.  coli-cndotoxm.  or  endogenous  pyrogen 
Med  Microbiol  Immunol  159,274-284(1474). 


/5  C.  A.  Mar vi  v .  A.  S.  Mu  ion.  and  D.  W.  Si raughan.  Prostaglan¬ 
din  1:  levels  in  cerebrospinal  lluid  of  rabbits  and  the  effects  of  bacterial 
py  rogen  and  antipy  retic  drugs.  J  Physiol .  Pond  248, 26-27P(  1975). 

lb.  W.  I.  Cranston.  R.  F.  Ht  i.i  on.  and  l).  MrK  Hi.i  t  .  A  dissociation 
between  lever  and  prostaglandin  concentration  in  cerebrospinal 
lluid. ./  Physiol  .  Pond.  253,  581-542  ( 1475). 

I'.  M.  S.  Audi  i -Hai  im.  M.  Hamburg,  B.  Sjoqcisi.  and  E.  Ang- 
g  ari>.  Identitication  of  prostaglandin  D2  as  the  major  prostaglandin 
in  homogenates  of  rat  brain.  Prostaglandins  14.  611-643  ( 1477). 

IS.  M.  S.  Abdi  t  -Hamm  and  E.  Anggard.  Regional  and  species  differ¬ 
ences  in  endogenous  prostaglandin  biosynthesis  by  brain  homoge¬ 
nates.  Prostaglandins  17,41  1-418(1474). 

/  V  |  F.  Si  n.  J  P.  Ch  arm  an.  and  J.  C.  McGciri  .  Metabolism  of  pros¬ 
taglandin  endoperoxide  in  animal  tissues.  Prostaglandins  14,  1055- 
1074(14771. 

211  R.  J.  Gaidi  I.  I.  Ai  am.  and  F.  It  vtNt .  Accumulation  of  cyclooxy¬ 
genase  products  of  arachidonic  acid  metabolism  in  gerbil  brain  dur¬ 
ing  reperfusion  after  bilateral  common  carotid  artery  occlusion.  J 
Xeurocliem  35.  651-658  ( 1480). 

21  F.  Bi  ri it  tot  n-k  xN/.  H.  Anih  i.  R.  Hi  t  m.  B  B  Ni  l  t  ang.  and 
G.  Hi  R  i  t  ing.  Regional  distribution  of  arachidonic  acid  metabolites 
in  rat  brain  following  convulsive  stimuli.  Prostaglandins  22.  67-74 
(1481). 

22  l1.  Forsii  rmann.  R.  Hi  i  di.  F.  Kn  appi  n.  and  G.  Hi.ri  iinc..  Po¬ 
tential  anti-convulsive  properties  of  endogenous  prostaglandins 
formed  in  mouse  brain.  Ilram  Res  2  40. 101-110  (1482). 

2.1  C.  W.  Parker.  In  liindanicntal  Immunology  (W .  F.  Paul.  Fd. ).  pp. 
704-747.  Raven  Press.  New  York.  1484. 

24.  W.  G.  Ci  ark  and  J.  M  Fipion.  Changes  in  body  temperature  after 
administration  of  acetylcholine,  histamine,  morphine,  prostaglan¬ 
dins  and  related  agents:  II.  Seurosci  Biobeltav  Rev  9,  474-552 
11485). 

25  J.  C.  Scow  ar  17.  J.  M.  Arrang.  and  M.  Garbarg.  Three  classes  of 
histamine  receptors  in  brain.  TIPS  7.  24-28  ( 1486). 

2b  }.  C.  S(  iiw  ari/.  G.  Barbin.  A.  M.  Di  chi  min.  M.  Garbarg.  C. 
Fl  ori  ns.  H.  Pol  l  ARl).  T.  T.  Ql'ACH.  and  C.  Rost:.  In  Pharmacol¬ 
ogy  o!  Histamine  Receptors  (C.  R.  Ganellin  and  M.  F.  Parsons.  Fd.). 
pp.  151-141.  Wright-PSG.  London.  1482. 

2~  J.  M  Arrang.  M.  Garbarg.  and  C.  J.  Sciiw  ar  iz.  Auloregulation 
of  histamine  release  in  brain  by  press  naptic  Hl-receptors.  \eiiro.sci- 
ence  15.  551-562(1485). 

2S  G.  Nisi  ten.  D.  Roiiroii.  A.  Di  sarro.  F.  N  accari.  and  J.  D.  Sit  - 
pill  nson.  Central  effects  of  histamine  H I  and  H2  receptor  agonists 
and  antagonists  alter  intraventricular  infusion  in  fowls.  Res  Coin- 
man  Client  Palliol  Pharmacol  27,411-450(1480). 

2V  B.  N.  Dhawan.  R.  Sill 'Kl  a.  and  R.  C.  Srim  ai  .  Analysis  of  hista¬ 
mine  receptors  in  the  central  thermoregulatory  mechanism  of  masto- 
mysnatalensis.  Hr  .1  Pharmacol.  75,  145-144(1482). 

Ml  A.  Pti.c  and  J.  Z.  Now  ak.  The  hy  perthermic  phase  of  histamine  ac¬ 
tion  in  rats.  Pol  .1  Pharmacol  32,  464-471  ( 1480). 

3/  J  Bi  igh.  A.  Sit  vt  r.  and  C.  A.  Smiiii.  The  effects  on  thermoregula¬ 
tory  mechanisms  produced  by  intracerebroventricular  injections  of 
histamine  in  the  sheep. ./  Thermal  Bio!  5,  4 1  -5 1  (1 480). 

37.  I  .  S.  Pi  i  i  igrino.  A.  S.  Pi  t  i  igrino.  and  A.  J.  Cushman.  I  Stereo- 
ta\ic  lllas  ol  the  Rat  Brain  Plenum,  New  York.  1474. 

33  I).  I).  Ml  l(  At  l .  M.  Kai  ini  r.  and  M.  A.  Doni  on.  In  t  RC  Critical 
Review  s  in  Immunology  (M.  7 .  Atassi.  Fd  ).  pp.  21-74.  CRC  Press. 
Boca  Raton.  FT..  14X1. 

34  I  I  Dos  t  l .  and  T.  A.  SlRlkl .  Radiation-released  histamine  in  the 
rhesus  monkey  as  modilied  bv  mast-cell  depletion  and  antihistamine. 
P spcrienlia  33,  1047-1048  ( 1477). 


90 


kANDASAMY  \NI)  111  \  l 


.1'  YCinm.ln  Medical  Pliarinatoloyy.  I  lilted. (  .  V.  Moshv.Sl.  1  ouis, 
1984 

%h  \\  |  i  i  i )bi  ko  and  A.  S.  Mu  ion.  In  Inllammuiion  (J  R.  Vane  and 
S.  II  I  erreria.  I  ds.l.  pp  617-656.  Springer- \ erlag.  New  York.  1478. 

5'  R  l  I  NO.  S.  N  VRl  MIV  V.  1  .  (X.OKIK  III.  I  .  N  AK VV  AM A.  >  .  Isill- 
K  \\v  \.  and  O.  II  Vi  vishi.  Role  of  prostaglandin  1)2  in  the  hvpolher- 
mia  of  rats  caused  by  bacterial  lipopols  saccharide.  Pros  Sail  .Ira/. 
S\i  I  V  I  79.  61  Id  Uhl  197  1 1482). 

.is  .1.  II  S wni  k.  Antagonism  of  prostaglandin  1-2.  h>  l-acet\l-2-(8- 
chloro-IO.l  l-dihydroibcnyl(  l.l]|  1.4]  o\a/epine-IO  carbonyl  hvdra- 
/ine  < SC- 19220).  I rcli  Ini  Plninnacodyn  liter  180, 46-56(1969). 

.'4  .1  ||  Swni  k.  Substances  that  inhibit  the  actions  of  prostaglandins. 

lnn  Intern  Uetl  155.  I 55-  I  4b  1 1974). 

4o  II  I  Mil  kn.  I).  Mm  ill  I  I .  and  (.  Rost  NtxiRi  t .  Idfeets  of  prosta¬ 
glandin  antagonism  on  sodium  arachidonate  lever  in  rabbits. ./  /’/tu¬ 
rn/  .  load  267.  559-57(l(  1977|. 

4/  S  B.  k  wms  wn  and  B.  A.  Win  iaxis.  Prostacyclin-induced  hyper- 
thermia:  Implication  of  a  protein  mediator.  Sciiropliarmacolovy  2i. 
I065-I0~2  1 14821. 

42  I  I  I)ov  I  I .  J.  [It  R  ns.  and  1  A.  Si  rim  .  I  licet  of  an  antihista¬ 
mine  on  earl>  transient  incapacitation  of  monkeys  subjected  to  4  rads 
of  mixed  gamma-neutron  radiation.  lerospai c  t/e</  42.  400-405 
11971  |. 

4.'  I  (  l.-xssi  R  and  k.  W.  Sii  nsi  rom.  I  deration  of  circulating  blood 
histamine  in  patients  undergoing  deep  roentgen  therapy.  .Im  ./ 
Rocnivcnol  72.  485-988  (1954). 

44  I  (I  (  (K  M  Kll  am.  I  I  Dos  l  i ,  M.  A  Doni  on. and  I :.  A.  Ill  l  < .1 • 
si  in.  Canine  post -radiation  histamine  levels  and  subsequent  response 
to  compound  48/80.  Unit  Space  Tdiviron  Med  55.  1041-1045 
l  1984). 

45  I  .  (I.  Ctx  ki  rii  \M.  I  I  Dos  ll.  M.  V  Doni  on.  and  C.  J  Cios- 
si  i  i-Hai.irman.  Antihistamines  block  radiation-induced  intesti¬ 
nal  blood  flow  in  canines,  Inilil  .  !/>/>/  Toxicol  5.  597-604  ( 19851. 

46  V  D.  I  tsi  n  and  C.  M.  Wit  son.  I  he  elfeel  of , /-irradiation  on  skin 
histamine  and  vascular  responses  in  the  rat. ./  Physiol  156,  122-150 
(1957). 


4~  II.  M.  Adams  and  H.  k.  A.  Hyi  .  Concentration  of  histamine  in 
different  parts  of  eat  and  its  moditication  by  drugs.  Hr  ./  Pharmacol 
28.  157-152(19661. 

4,s  J.  [-.  l.iRiNSKi.  H.  Si  li  st  mbi  Re.,  and  R.  J.  Bai  dissarini.  Regional 
distribution  of  histamine  in  human  brain.  Brum  Res.  52.  405-408 
(1975). 

44  S.  H.  Snv  di  r  and  k.  M.  Tavi.or.  Histamine  in  the  brain:  A  neuro- 
transmitter.  In  Perspectives  in  Seuropharmacology  (S.  H.  Snyder. 
Ed.),  pp.  45-75.  Oxford  Univ.  Press.  New  York.  1972. 

50  J.  C.  Schwartz.  Histaminergic  mechanisms  in  brain.  .Inna.  Rev 
Pharmacol  Toxicol.  17,525-558(1977). 

5/  M  Baidrv.  M.  P.  Marias,  and  J.  C.  Sc  hw  ar  iz.  The  suhcellular 
localization  of  histamine  decarboxylase  in  various  regions  of  rat 
brain../  Xcurochcin.  21.  1501-1509(1475). 

52  M  Bai  DRV .  VI.  P.  M  ar  ll  s.  and  J.  C.  Schwartz.  H  I  and  H2  recep¬ 
tors  in  the  histamine-induced  accumulation  of  cyclic  AMP  in  guinea 
pig  slices.  A 'autre  il.muloiv  255,  562-564  ( 1 975). 

55  k  M.  I  vv  i  or  and  S.  II.  Snv  di  r.  Brain  histamine.  Rapid  apparent 
turnover  altered  by  restraint  and  cold  stress.  Science  172.  1057-1059 
(1971). 

54  P.  !.< >m  ax  and  M.  D.  (;Ri  l  v  Histamine.  In  Both  Temperature  Rev- 
idation.  Drily  Tdiects  anil  Therapeutics  Implications  (P.  Lomax  and 
H  Schonbaum.  Eds.),  pp.  284-509.  Dekker.  New  York.  1979. 

55  !..  Edvinsson.  J.  Cl  rvos-Nav  vrrp.  I..  I  arrson.  C.  H.  Owman. 
and  A.  1..  Ronnbi  rc,.  Regional  distribution  of  mast  cells  containing 
histamine,  dopamine,  or  5-hydroxytryptamine  in  the  mammalian 
brain  Xeiirolouy  27,  878-885  (1977). 

56.  P.  M.  CiRoss.  Cerebral  histamine:  Indications  for  neuronal  and  vas¬ 
cular  regulation. ./.  (  erelr  Blood  Tim t  Mctahol.  2.  5-25  ( 1982). 

5*  II.  k  svv  vHi.  H.  Has  asm.  and  O.  II  vv  aisiii.  Dilferential  calcium 
elfects  on  prostaglandin  1)2  generation  and  histamine  release  from 
isolated  rat  peritoneal  mast  cells.  Bioclicin  Biophys  Res  Commini 
145.  467-474(1987). 

5  v  R.  \v.  In  1 1  r.  C.  S.  Dixon.  (  I .  Dot  1 1  kv  .  and  P.  J.  Bvrni  s. 
Inhaled  prostaglandin  1)2  potentiates  histamine  induced  brancho- 
constriction.  Thorax  59.  694-700  ( 1984). 

59  R.  .1.  Hi  owl  R.  E.  A.  IIarvi  v .  and  W.  P.  Kincision.  Inflammatory 
elfects  of  prostaglandin  1)2  in  rat  and  human  skin.  Hr. ./.  Pharmacol 
56.224-255(1976). 


Accession  For 


NT IS  GRAftI 

"IT 

DTIC  TAB 

e 

Unannounced 

□ 

Justification _ 

By- 


Distribution/ 


Availability  Code 
Avail  and/or 
Dlst  |  Special 


* 


